CARBON DIOXIDE can be measured by infrared absorptiometry, so carbon dioxide evolved from a sample of serum or plasma by acid can be determined by this instrumental technique. Procedures published earlier based on this approach (1, 2) were not competitive with other techniques available for analysis of blood carbonates since they required 1.0 and 0.5 ml of blood, respectively, for the sample and approximately 3 mm for a determination.
Both of these methods were relatively slow and insensitive because they depended upon evolution of the CO2 into a recirculating gas stream. With the method reported here, a determination can be made in 1 mm or less on a suggested 5O-il sample. Smaller samples can be used with some decrease in precision. The object of this method is to provide an additional capability in an automated laboratory for processing either very small samples or samples for which results are urgently needed separately from the automated analytical stream. The method is also useful for a laboratory which does not have a sufficiently large number of samples to justify an automated method. In contrast to the previous work, the CO2 evolved from the sample in acid solution is not recirculated but simply passes through a nondispersive gas analyzer. The absorption signal is integrated to provide a direct reading of the sample concentration on a digital voltmeter.
Instrumentation and Methods
The sample introduction assembly ( Fig. 1) consists of a 25-mi Erlenmeyer flask with a rubber serum cap. The flask is filled with 10 ml of sulfuric acid (5 ml/100 ml water). Dow Corning Antifoam A spray is added also. A stream of nitrogen passes into the Erlenmeyer flask through stainless steel hypodermic tubing, which goes through the serum cap and extends down to the bottom of the flask. Another piece of hypodermic tubing penetrates the serum cap, ending at the top of the flask, and carries the nitrogen stream from the flask into the infrared instrument. Two small spray traps are interspersed to prevent droplets of acid from entering the infrared cell. The gas-inlet connection on the infrared cell is cut as close to the cell as practical and fitted with a union to allow connection of the hypodermic tubing so that tubing volume leading to the cell is small. were prepared similarly from carbonate-free serum. The carbonate-free serum was prepared as follows: Approximately 50 ml of pooled serum was acidified by adding 2 ml of sulfuric acid (5 ml/100 ml water), bringing its pH to 3.4. It was then agitated rapidly in a beaker for 15 mm with a magnetic stirrer, with 1 liter of nitrogen per mm bubbling through it. Dow Corning silicone Antifoam A spray was used. A test of the serum, using the infrared method, showed no detectable carbonate. The serum was then brought back to pH 7.0 by addition of solid reagent sodium hydroxide.
A retest showed no detectable carbonate. The carbonate-free serum and reference materials prepared with it were stored in bottles with serum caps. The serum reference materials prepared this way have a known volatile carbonate content.
The procedure for a determination is as follows: After a warm-up and stabilization period of about 2 h for the infrared instrument (it is better to leave it and the other electronic circuitry turned on continuously), the magnetic stirrer is started and the nitrogen flow is adjusted to 1.0 liter per mm. This rate provides a good compromise between a large signal and a short analysis time. Consistent flow setting should be used since there is some variation in analytical response with flow rate. The infrared instrument is set at maximum gain and the zero control is adjusted to put the meter needle between zero and the second scale division. A 100-MI syringe is accurately filled to 50 Miwith standard, preferably containing 25 or 30 mmol carbonate/ liter. Before inserting the needle into the sampleintroduction flask, the integrator-zeroing button is depressed to remove any previous reading from the digital voltmeter.
The microliter syringe is then inserted through the cap of the acid flask and the sample is quickly injected. Best analytical precision is obtained by reproducibly positioning the syringe. In less than 1 mm after sample injection, the digital voltmeter reading will stop rising, indicating the end of the determination. If a calibration material is being used, the scaling potentiometer is then adjusted so the digital voltmeter reading corresponds to the calibration value. Samples may be similarly determined in immediate succession, with the digital voltmeter indicating the value of the sample.
Resultsand Discussion
For highest accuracy, a calibration curve should be used to relate digital voltmeter readings to concentration.
With 50-M1 samples the response curve (Fig. 3) is nearly linear between carbonate concentrations of 10 and 30 mmol/liter. The response gradually decreases at higher concentrations, and the linear portion of the curve does not extend into the zero-zero point. give the same results as aqueous calibration samples.
The possibility of volatile anesthetics interfering with this method was evaluated. serum samples, all in the normal range, were analyzed twice by the infrared method which, allowed estimation of its precision, and the mean of the duplicate determination on each sample was compared with the value reported by a computer-automated system using the Technicon method.
The sample concentration was 24 to 32 mmol carbonate per liter. Values obtained by the infrared method were higher than those of the automated method with a mean difference of 1.1 mmol/liter and a standard deviation for this difference of 0.6 mmol. The range of the differences was from -0.5 (the only lower value) to 2.7 rnmol/ liter. This difference of about 1 mmol/Iiter is the same as is found between the classic Van Slyke determination (4) and the AutoAnalyzer method with a dialyzer. The AutoAnalyzer method characteristically gives a value 1 mmol/liter lower when used with a dialyzer (Young, D. S., personal communication).
The original work on the AutoAnalyzer method without a dialyzer showed agreement with the Van Slyke method, with a mean difference of 0.2 mmol/liter (5). Standard deviation of the infrared measurements was 0.6 mmol/liter, with a coefficient of variation of 2.0%. By a separate evaluation of the precision of dispensing 50 Ml from a 100-sl Hamilton syringe, more than half of this coefficient of variation could be ascribed to the syringe precision, leaving an approximate 1% coefficient of variation for the instrument precision. Precision of the infrared determination was evaluated over a range of sample sizes and showed that precision is the same for 50-and 100-Ml samples. The coefficient of variation is only slightly larger for 25-Ml samples, 2.7%, but considerably poorer for lO-Ml samples, 19%. It is concluded that a 50-M1 sample is the most appropriate size for routine use, combining best precision with linearity of the standard curve. Smaller sample sizes entail a sacrifice of precision.
